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SECTION A -- OPERATION AND FUNCTION 



In the scavenging process employed in all 71 Series engines, a charge oi air 
is forced into the cylinder by the blower which thoroughly sweeps out all of the 
ournt gases through the exhaust valve ports. This air also helps cool the in- 
ternal engine parts, particularly the exhaust valves. At the beginning of the 
compression stroke, therefore, each cylinder is filled with fresh, clean air 
for efficient combustion. 




Fig. 1 - Air intake system through blower 

and engine. 

The air, entering the blower from the air cleaner, is picked up by the blower 
rotor lobes and carried to the discharge side4)f the blower as indicated by the 
arrows in Figure 1 (V-7 Series) and in Figure 2 (In-Line 71 Series). At 
maximum ^gihe speed the continuous discharge of fresh air from the blower 
creates an air pressure of approximately seven pounds per square inch in 
the air chamber of the cylinder block. This air sweeps through the intake 
ports, which start to open as the piston approaches the end of its downward 
stroke. The ports are closed off by the piston soon after the compression 

stroke begins. 

CYLINDER INLET PORTS -- should the cylinder inlet ports become blocked 
with foreign material, the flow of air will be restricted. This will result in 
poor combustion and improper air scavenging which will cause a loss of power 



o 



- 1 - 




PTAM 1-2 



and eventual build-up of carbon depos- 
its on pistons and valves. 

The condition of the cylinder ports 
can be visually checked by removing 
the air box covers and if necessary 
can be cleaned without removing the 
cylinder liners from the engine. To 
do this, remove the cylinder head 
and air box covers. Install the 
cylinder liner hold-dovm clamps and 
crank the engine until the piston is at 
the bottom of its strok<5. Then, clean 
all ports with a pointed hardwood 
stick, taking care to r emove all chunks 
of carbon that fall into the cylinder 
or air box. After cleaning the ports, 
check the inside of the liner around 
the ports for burrs. Remove burrs by sanding them with 250 grit emery 

paper. 




Fig. 2 - Air intake system through 
, blower and engine. 



Rocker-Exhaust Valve 
2. Exhaust Valve 

4. Exhaust Monifold 

5. Blower 
7. Air Box 



9. Port-Admitting Air to 
Cylinder 

1 2 . Cantshaf t 

13. PusI' Rod 

15. Cover-Hand Mole 



Before replacing the air box covers, check the condition of the cover gaskets. 
Replace the gaskets if they are damaged or such that they would allow air to 
seep out of the air box. Check the machined surface outside of the air box 
windows for conditions which would prevent the cover gasket from making 
uniform, secure contact. The air box cover bolts should be tightened to 
proper torque specifications so a distortion is not set up in the cylinder block. 



SECTION B — THE AIR CLEANER 



THE AIR CLEANER -- The oil bath type air cleaners are disigned to remove 
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foreign matter from the air, pass the required volume of air for proper com- 
bustion and scavenging, and maintain their cleaning efficiency for a reason- 
able period of time before servicing. 

The importance of keeping dust and grit-laden air out of an engine cannot be 
over -emphasized. Dust and dirt entering an engine will cause rapid wear of 
piston rings, cylinder liners, pistons and the exhaust valve mechanism result- 
ing in a loss of power and high lubricating oil consumption. If dust and dirt 
are allowed to build up in the air cleaner passages, they will eventually re- 
strict the ail supply to the engine and result in heavy carbon deposits on pis- 
tons and valves because of incomplete combustion. The air cleaner must be 



able to remove fine materials, such as dust 
coarse materials from the air. I — 

OIL BATH AIR CLEANER — In the oil 
bath air cleaners. Figure 3, the air is 
drawn through the air inlet hood and 
down through the center tube. At the 
bottom of the tube, the direction of air 
flow is reversed. Oil is picked up from 
the oil reservoir cup and the oil laden 
air is carried up into the separator 
screen. There the oil which contains 
dirt particles is separated from the air 
by collecting on the separator screen. 

A low pressure area, see Figure 4, is 
created between the central tube and the 
separator screen. This low pressure 
area, plus the effect of gravity and the 
inverted cone shape of the separator 
screen, causes the oil and dirt mixture 
to drain to the center of the cleaner cup. — 
This oil is again picked up by the incoming 



and blown sand, as well as 




] 



Fig. 3 - Typical Heavy Duty Air Cleaner 
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air, causing a looping cycle of the 
oil. However, as the oil is carried 
toward another cycle, some of the 
oil will overflow the edge of the cup, 
carrying the dirt with it. The dirt 
will be deposited in the outer area 
surrounding the cup. Oil will then 
flow back into the cup through a 




small hole located in the side of the 
cup. A wire screen element above 
the separator screen removes any 
oil which passes through the sepa- 
rator screen. This oil will also 



Fig. 4 “Air flow through heavy duty 

air cleaner. 
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drain to the center and back into the 



oil cup. Clean air leaves the cleaner through a tube at the side, and enters 
the blower by means of the air inlet housing. 

An air inlet hood serves to prevent rain, rags, paper, leaves, etc. from 
entering the air cleaner. It is mounted on the air cleaner inlet tube and 
held in place by a clamp or by the pit of the hood in the inlet tube, depending 
on the type. Openings in the hood should be kept clear to prevent restriction 
of air flow. It requires more f requent cleaning than the main air c leaner^^ 
Air enters the hood through a heavy screen which forms the lower portion 
of the hood. The air flow is reversed in the hood and pulled downward into 

the air cleaner. 

Maintenance procedures for an efficient air cleaner operation: 



1. Keep air cleaner tight to engine ductwork and 
piping. 

2. Keep air cleaner properly assembled so joints are 
oiled and air tight. 

3. Repair damaged air cleaners, intakes or connections 
at once. 



- 4 - 



"IJrJT.’ 












mMm 









PTAM 1-2 



4. Clean the oil bath cleaners often enough to prevent 
the oil from becoming excessively thick with sludge. 

Be sure to use the proper kind and quantity of oil. 

Keep the oil at level mark in the cup. When replacing 
cup, be sure it fits snugly to form a tight joint. (In 
dusty areas, inspect the air cleaner more frequently 
for dirt deposits in the oil bath. ) 

5. Where a rubber hose from cleaner to blower is used, 
remove hose connections and cement them in place. Use 
a new hose and clamps, if necessary, to obtain an air- 
tight connection. 

6. After servicing the air cleaner, remove the air inlet 
housing and clean accumulated dirt deposits from blower 
screen and the housing. Make sure all air intake passages 
and the air box are kept clean. 

7. Check the dust system for loose hose connections or 

• damaged gaskets which permit dust-laden air to by-pass 
the cleaner and enter the engine directly. 

8. In oil bath air cleaners use the same oil as that used in 
the engine crankcase. The oil level should not be above 
that indicated on the air cleaner sump. If too much oil is 
used, it miay be pulled through the element and into the 
engine, thus carrying dirt into the cylinders and also 
resulting in excessive speed. 



SERVICING --To change the oil, loosen the wing nuts, pull the side rod 
assemblies away from their forked retaining brakets and remove the oil 
cup. Empty the cup and clean with fuel oil to remove all sediment. 

A tray type screen is used on heavy duty air cleaners. A lip on the tray 
fits over the edge of the cleaner body to form an air tight seal between the 
cleaner body and tray. Another seal ring fits around the tray and forms 
an air and oil seal between the tray and the oil cup. 

The efficiency of the tray type oil bath air cleaner will be greatly reduced 
unless the fibrous material caught in the tray is removed. It is extremely 
important that the tray be cleaned regularly and properly. If it is plugged 
with lint or dirt, see Figur^^, wash the tray in a solvent or similar washing 
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Fig. 5 - Comparison of air cleaner trays. 

solution and blow out with high velocity compressed air or steam. An even 
pattern of light should be visible through the screens when a clean tray is 
held up to the light, see Figure 5. 

Remove the dirt accumulation in the air cleaner center tube by passing k 
lintless cloth through the tube. Some tubes have a restricted portion at 
the lower end, and care must be taken not to damage this end. 

When all the components have been cleaned, the cleaner is ready for assem- 
bly. 

The removable screen or tray should be installed. Replace the rubber seal 
rings if necessary. Fill the cup to the indicated oil level and place on the 
cleaner. Make certain all gaskets and joints are tight. Check connections 
from the cleaner to the engine for air leaks. 
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If unfiltered air is being admitted into the engine through the duct work of 
an air cleaner installation, use the following procedure for finding the 
leaks. Note, to make this check, suitable plugs are needed to block the 
air cleaner system inlet and outlet. The air cleaner inlet plug should 
contain a suitable air connection and shut-off valve to maintain two pounds 
pressure in the air duct system. The outlet plug must form a completely 
air-tight seal at the outlet end of the system. 

Check the system as follows: 

1. Remove air inlet hood. 

2. Insert plug with fitting for air hose into the air 
cleaner inlet to form an air-tight seal. 

3. Insert other plug in to the outlet end of system for 
air-tight seal. 

4. Attach an air hose to inlet plug and regulate pressure 
not to exceed 2 psi. 

5. Brush a soap-suds solution on all air duct connections. 

Leaks in the connections can be detected by the 
escaping air causing bubbles in the soap-suds solution. 

They should all be remedied for an air-tight system. 

6. Remove plugs and install air inlet hood. 

The air cleaner design is such that the fixed elements tend to be self- 
cleaning. 

At regular periods, however, the entire air cleaner should be removed 
from the engine and the fixed element cleaned. This can be done by passing 
a large quantity of clean solvent through the air outlet and down into the 
fixed element. Allow the cleaned element to dry thoroughly before replacing 
the cleaner on the engine. Note, if the fixed elements require too frequent 
cleaning, it is advisable to relocate the air intake for a cleaner air supply. 

TWO STAGE DRY TYPE AIR CLEANER -- This cleaner, illustrated in 



o 



- 7 - 






PTAM 1-2 

Figure 6 consists of a primary pre-cleaner in series with a replaceable 
impregnated paper filter element. There are three types of pre- dealers: 

1. Centrifugal or cyclopath. 

2. Cyclone 

3. Replaceable paper element. 

The dust collected in the centrifugal and cyclone cleaners is exhausted by 
connecting the dust bin to an exhaust gas aspirator. The pre -cleaner and 
replaceable filter element are held together in a steel housing. Positive 
sealing between the two elements and the housing is provided by rubber 
gaskets. The steel housing incorporates filter fasteners, mounting flanges, 
and an outlet for the filtered air. 

OPERATION — Air enters the pre- 
cleaner where 90% of the dirt is re- 
moved by the centrifuge, cyclones 
or the primary paper element. The 
air then enters the center opening of 
the paper element where the re- 
maining dirt impinges on the paper. 

In all types of dry air cleaners, 
high cleaning efficiency is maintained 
at all engine speeds. Oil bath air 
cleaners are not efficient at low 
speed or at idle. 

SERVICING --An air cleaner restriction indicator, shown in Figure 7, may 
be attached near the outlet side of the cleaner. As the restriction in the 
cleaner increases, suction will puli the indicator plunger upward. A brightly 
colored card attached to the plunger and visible through a small window in 
the indicator, will indicate the relative amount of air restriction in the 
cleaner. When the card is fully visible, the air cleaner should be cleaned and 
the indicator reset by pushing the plunger all the way up and then releasing 
it. 




•fc. REPIACEABIE CENTRIFUGAL 

’ DUST BIN FILTER ELEMENT AIR CLEANER 



Fig. 6 - Dry type air cleaner 
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A water manometer, however, is the most positive means of determining the 
restriction in the cleaner. This 
should not exceed 16” of water. The 
air restriction should be checked at 
(jach servicing. 

When servicing the dry type air 
cleaner, remove and clean the dust 
pan. If the paper element requires 
replacing because of excessive air 
restriction, the cyclones or direction 
vanes should be blown out with com- 
pressed air with the dirty secondary 
element in place. After the element 
is removed, the upper body should 
be wiped clean. Inspect the sealing surfaces for dents before installing the 
new element. If the surfaces are dented, do not use the element. Replace 
gaskets and install a new or cleaned element. Note, a second air restriction 
check should be made after cleaning or replacing the paper element. 




Fig. 7 - Typical dry type air cleaner 

mounting . 



SECTION C --AIR SHUT-DOWN HOUSING 

Air flows from the cleaners through an air inlet housing, an air shut-down 
housing, air inlet manifold (or adaptor), the blower, and then into the engine 
air box and cylinders. The air shut-down housing contains a valve that shuts 
off the air supply and stops the engine whenever abnormal operating con- 
ditions require an emergency shutdown. (See Figure 8) . 

INSPECTION AND SERVICING -- When the air shut-down housing has been 
removed from the engine, check the interior condition of the air inlet housing. 
Clean the air shut-down housing and blower screen with fuel oil and dry with 
compressed air. Check to make sure that no foreign materials (tools, rags. 
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etc. ) are in the inlet or in the shut-down housing, or the blower. Always 
use a new gasket between the air 
inlet housing and the air shut-down 
housing. 

When the air shut-down housing 
has been installed, check the op- 
eration of the shut-down valve. 

Make sure it operates freely and 
Is not restricted or bound-up. 

Make a final check to see if all 
bolts and hose clamps are secure 
for air-tight connections. On 
V-16 engines, two air shut-down 
housings are used. Make sure the 
connecting linkage is adjusted to 

shut-down engines at the same time. Fig. 8 - Typical air shut-do;vni housing 

mounting. 




SECTION D -- EXHAUST SYSTEM 



The removal of burnt, hot gases, which exist after combustion, is just as 
important as supplying clean fresh air to the engine for combustion and 
cooling. Burnt gases are removed through the exhaust valves at the top of 
the cylinder. When the piston is near the end of its downward stroke, it 
uncovers the air inlet ports. Cooler, heavier air comes info the cylinder 
and aids in forcing the hot gases out the exhaust valves. This process is 
called scavenging. The word scavenging means to ’’cleanse”. The cooler 
air ’’cleans” the cylinder of hot gases. 

The air-cooled exhaust manifold, see Figure 9, is mounted on the cylinder 
head. For all practical purposes, the manifold, or in the case of the V-71 
series -- two manifolds, is nothing more than a channeling device or passage 
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Fig 9 - Exhaust manifold. 



way which routes the burnt gases from the cylinders via the manifold pipe, 
muffler and exhaust stack into the outside air. 

EXHAUST BACK PRESSURE -- A slight pressure in the exhaust system is 
normal. However, excessive exhaust back pressure seriously affects 
engine operation. It may cause an increase in the air box pressure with a 
resultant loss of efficiency of the blower. This means less air for scavenging 
and results in poor combustion and higher temperatures. 

High exhaust pressure can be caused by an improper type of muffler, an ex- 
haust stack which is too long or too small in diameter, too many sharp bends 
in the exhaust system, or obstructions such as excessive carbon formation or 
foreign matter in the exhaust system 

MAINTENANCE AND INSPECTION -- The interior of the manifold should be 
checked for foreign material that could cause exhaust restriction. Remove the 
loose scale and carbon that accumulates on the internal walls of the manifold. 

(It is particularly important to clean the manifold used on turbocharged units to 
eliminate the possibility of loose scale entering and damaging the turbocharger). 
Examine the exhaust manifold studs for damage. When the manifold has been 
removed from the engine, new gaskets should be used when replacing the 
units. 
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SUGGESTED REMEDY 



1. High exhaust back pressure or a restricted 
air inlet causes insufficient air for com- 
bustion and will result in incompletely 
burned fuel. 

High exhaust back pressure is caused by 
faulty exhaust piping or muffler obstruction 
and is measured at the exhaust manifold out- 
let with a manometer. Parts causing high 
exhaust back pressure should be raplaced. 

Restricted air inlet to the engine cylinders 
is caused by clogged cylinder liner ports, 
air cleaner, or blower to air inlet screen. 
These items should be cleaned. Check the 
emergency stop to see that it is completely 
open and readjust it if necessary. 

2. Check for improperly timed injectors and 
improperly positioned injector rack control 
levers. Time the" fuel injectors as outlined 
in “Fuel Injector Timing” and jjerform the 
appropriate governor tune-up to correct 
this condition. 



Replace faulty injectors if this condition 
still persists after timing the injectors and 
performing the engine tune-up. 

Lugging the engine will cause incomplete 
combustion and should be avoided. Operate 
the unit as outlined in “Engine Operation.” 

3. Check for the use of an improper grade of 
fuel. Consult the “Fuel Oil Specifications” 
for the correct fuel to use. 

4. Check for internal lubricating oil leaks, and 
refer to the “High Lubricating Oil Con- 
sumption” chart. 

5. Check for faulty injectors and replace as 
necessary. 

Check for low compression and consult the 
“Hard Starting” chart. 

The use of low cetane fuel will cause this 
condition and can be corrected by consulting 
and following the “Fuel Oil Specifications”. 
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SECTION E --THE BLOWER 



The Roots blower supplies fresh air for combustion and scavenging. Its 
operation is similar to that of a gear-type oil pump. Two hollow three-lobe 
rotors revolve with very close clearances in a housing bolted to the cylinder 
block. The rotor lobes are made in a helical (spiral) form to provide con- 
tinuous and uniform displacement of air, see F igure 10. 

Two timing gears, located on the drive end of the rotor shafts, space the 
rotor lobes with a close tolerance. The lobes of the two rotors do not touch 
at any time, so no lubrication is required. The build-up of oil and carbon 
deposits on the rotor lobes actually improves the sealing cleanance and tends 
to increase the air flow. 

Lip type oil seals, located in the blower end plates, prevent air leakage. 

They also keep the oil, used for lubricating the timing gears and rotor 
shaft bearings, from entering the rotor compartment. 

Each rotor is supported in the doweled end plates of the blower housing by 
a roller bearing at the front end and a two row pre-loaded radial and thrust 
ball bearing at the gear end. 

The blower is driven by the main gear train of the engine. The drive gear 
is connected directly to the camshaft gear. Because the blower drive gear 
has fewer gear teeth, it rotates much faster than the engine. Only one lobe 
is driven directly by the gear train. This lobe in turn drives the other lobe 
by means of a timing gear. 

The basic blower parts for the 6 and 8 cylinder engines are identical and in- 
terchangeable with the exception of the housing and rotors which differ in 
length. Two 6V blowers, coupled together by means of a sprocket and 
chain drive, are mounted in tandem on the top deck of the 12 -cylinder engine 
models. Two 8V blowers are mounted in a similar manner for 16 -cylinder 
engine models. 
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The blower rotors are timed by the two rotor gears at the rear end of the 
rotor shafts. This timing must be correct, Otherwise, the required 
clearance between the rotor lobes will not be maintained. 

Normal gear wear causes a decrease of rotor -to -rotor clearance between 
the leading edge of the right-hand helix (drive) rotor and the trailing edge 
of the left-hand helix (driven) rotor. Clearance between the opposite sides 
of the rotor lobes is increased correspondingly. 

While the rotor lobe clearance may be corrected by adjustment, gear 
backlash cannot be corrected. When gears have worn to the point where 
the backlash exceeds . 004”, the gears should be replaced. 

Because of the important part the blower plays in the efficient operation of 
these diesel engines, an ihspection of the unit should be made at 1000 hour 
intervals of engine operation. If this practice is followed, minor irregular- 
ities can be detected and corrected before major problems develop. 

INSPECTION AND MAINTENANCE -- The blower may be inspected for the 
following conditions without being removed from the engine. However, the 
air inlet housing, air shut-down housing and adaptor must be removed first. 

CAUTION: When inspecting a blower when the engine is 
running, keep fingers and clothing away from the moving 
parts of the blower and run the engine at low speeds only. 

Dirt or chips, drawn through the blower, will make deep scratches in the 
rotors and housing and throw up burrs around such abrasions. If the burrs 
cause interferance between rotors or between rotors and housing, the blower 
should be removed and the parts dressed down or replaced if badly scored. 

LEAKY OIL SEALS are usually indicated by oil on the blower rotors or 
inside surfaces of the housing. This can be checked by running the engine at 
low speed and directing a light into the rotor compartment at the end plates 
and oil seals. A thin film of oil radiating from the seals is an indication of 
an oil leak. 
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WORN BLOWER DRIVE, resulting in a rattling noise inside the blower, may 
be detected by grasping the right-hand helix rotor firmly and attempting to 
rotate it. Rotors may move from 3/8'' to 5/8", measured at the lobe crown, 
with a springing action. When released, the rotors should move back at 
least 1/4". If the rotors cannot be moved as directed above, or if they move 
too freely, the flexible rotor blower drive coupling should be inspected and 
replaced if necessary. The drive coupling is attached to the right-hand 
helix blower timing gear . 

LOOSE ROTOR SHAFTS OR DAMAGED BEARINGS. A loose shaft usually 
causes rubbing between rotors and end plates. Worn or damaged bearings 
will cause rubbing between mating rotor lobes at some point or perhaps 
allow the rotor assemblies to rub the blower housing. This condition will 
usually show up at the end where the bearings have failed. Generally a 
combination of the above conditions exist. 

EXCESSIVE BACKLASH in blower timing gears usually results in rotor lobes 
rubbing throughout their entire length. 

THE BLOWER INLET SCREEN should be inspected periodically for the 
accumulation of dirt which may affect the air flow. Servicing the screen 
consists of a thorough washing in fuel oil and cleaning with a stiff brush 
until the screen is free of all dirt deposits. 

CLEANING AND ADJUSTING BLOWER -- When the blower has been dis- 
assembled, wash all parts thoroughly in clean fuel oil, blow dry with com- 
pressed air, and inspect as follows: 

1. Races and balls or rollers of bearings should be examined for 
indications of corrosion or pitting. Apply light engine oil to 
bearings; then, while holding inner race from turning, revolve 
the outer race slowly by hand to check for free rolling of the 
balls or rollers on the races. Rough spots in the bearings are 
sufficient cause for rejection. 

The double row ball bearings are pre-loaded and have no end play. 
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A new double row bearing will seem to have considerable resis- 
tance to motion when revolved by hand. 

2. Inspect the lip type oil seals for scoring, cbiarring or hardening. 
When a blower is being reconditioned, the i ^tallation of new oil 
seals is recommended. 

3. Rotors must be smooth for efficient operatic cf blower. If 
slightly scored or burred, rotor may be dr essed down with 
emery cloth. Replace badly scored rotors. 

4. Inspect rotor shaft serrations and bearing surfaces for wear or 
burrs. If worn badly, replace rotors. 

5. The inside of housing must be smooth for efficient operation of 
blower. If slightly scored or burred, it may be cleaned up with 
emery cloth. Replace badly scored housing. 

6. The finished inside of end plates must be smoothe and flat. If a 
finished face is slightly scored, clean up with emery cloth; how- 
ever, if face is badly scored, replace end plate. 

7. Check blower timing gears for wear or damage. If either gear 
is worn or damaged sufficiently to require replacement, both 
gears must be replaced as a set. When gears have worn to the 
point where the backlash exceeds . 004'', the gears should be 
replaced. 

8. Check the blower drive shaft for straightness and serrations for 
wear. If shaft is bent or serrations are worn badly, it must be 
replaced. 

9. Inspect the blower drive coupling springs (pack) and the cam to 
see that springs are in tact and cam is not worn. 

10. Make sure oil holes are open and cavities are free from dirt. 

11. Check the serrations in the blower timing gears. If serrations 
are worn, replace gears. 



Timing the Blower Rotors -- The blower rotors, when properly positioned 
in the housing, run with a slight clearance between the lobes. This clearance 
may be varied by moving one of the helical gears in or out on the shaft rel- 
ative to the other gear. If the right-hand helix gear is moved out, the ri^t- 
hand helix rotor will turn counterclockwise when viewed from the gear end. If 
the left-hand helix gear is moved out, the left-hand helix rotor will turn 
clockwise when viewed from the gear end. This positioning of the gear, to 
obtain the proper clearance between the rotor lobes, is known as blower timing. 
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Moving the gears OUT or IN on the rotors is accomplished by adding or re- 
moving shims between the gear hub and the bearing. The clearance between 
rotor lobes may be checked with various thickness feeler ribbons 1/2" wide 
in the manner shown in Figure 11. When measuring clearance of more than 
. 005", laminated feelers that are made up of . 002", . 003" or . 005" feeler 
stock are more practical and suitable than one thick feeler gauge. Clearences 
should be measured from both the inlet and outlet sides of the blower. 




Fig. 11 - Measuring "CC" and "C" clearance between blower rotor lobes. 



A specially designed feeler gauge set J 1698-02 for the blower clearance 
operation is available. Time rotors to have from . 002" to . 006" clearance 
between the trailing edge of the right-hand helix rotor and the leading edge 
of the left-hand helix rotor ("CC" clearance) measured from both the inlet 
and outlet sides as shown in Figures 11 and 12. If possible, keep this 
clearance between leading edge of right-hand helix rotor and trailing edge of 
left-hand helix rotor ("C" clearance) for the minimum clearance of . 012". 
Rotor -to-rotor measurements should be taken 1" from each end and at center 
of blower. 



Having determined the amount one rotor must be revolved to obtain the proper 
clearance, add shims back of proper gear, as shown in Figure 13, to produce 
the desired result. When more or fewer shims are required, both gears must 
be removed from the rotors. 
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NOTE: Time rotors to dimensions on above chart for clearance between 
trailing side of R.H. Helix Rotor and leading side of L.H. Helix Rotor 
(cc) from both inlet and outlet side of blower. 



Fig. 12 - Chart of 'Minimum Blower Clearances 

Placing a . 003” shim in back of a rotor gear 
will revolve the rotor . 001”. Install the re- 
quired thickness of shims back of the proper 
gear and next to the bearing inner race and re- 
install both gears. Recheck clearances 
between rotor lobes. 



R. H. HELIX 
ROTOR 



VEAOtNG SIDE 



ADO SHUMS 
KMND R.H. 
GEAR TO 
INCREASE "C " 
ClEAXANa HERE 



Determ ine minimum clearances at points ”A” 

and ”B” shown in Figure 12. Insert feelers, 
between end plates and ends of rotors. This 

operation must be performed at the ends of 
each lobe, making 12 measurements in all. See 
Figure 12 for minimum clearances. 




L. H. HELIX 
ROTOR 



TRAIUNG SIDE 



ADD SHIMS 

behind L. H. 
GEAR TO 
INCREASE -CC - 
CLEARANCE HERE 



Leading side 



OMineo 

SERRATIONS 



V«W FROM GEAR END OF BLOWER 



Fig. 13 - Diagram showing proper 
location of shims for 
correct rotor lobe 
clearances. 



SECTION F -- THE TURBOCHARGER 



The turbocharger is designed to increase the power output and improve the 
efficiency of an engine. Power to drive the turbocharger is extracted from 
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waste energy in the engine exhaust gas. The turbocharger consists of a radial 
inward flow turbine; a centrifugal compressor; a bearing carrier, which serves 
to support the rotating assembly; main housing; a turbine housing; and a com- 
pressor housing, see Figure 14. 




SECTION BB 




1. OIL INLET EXTENSION 

2. OIL STRAINER RETAINER 

SNAP WIRE 

3. OIL STRAINER ASSY 

4. COMPRESSOR HOUSING 

5. COMPRESSOR HOUSING 

"O" RING SEAL 



6. ROTATING CARTRIDGE ASSY 

7. MAIN HOUSING 

8. EXTERNAL SEAL AIR 

INLET FITTING 

9. TURBINE HOUSING SHIMS 

iO. NOZZLE RETAINING BOLT, 

GASKET, AND NUT 



11. NOZZLE 

12. TURBINE HOUSING 

13. TURBINE END CARTRIDGE 

SEAL PACKING 

14. COMPRESSOR END CARTRIDGE 

’ O ” RING SEAL 

15. IMPELLER SEAL 



Fig. 14 - Typical Turbocharger 



The turbine wheel is located in turbine housing (12) and is mounted on one end 
of the shaft. The impeller is located in compressor housing (4), and is mounted 
on the other end of the shaft to form an integral rotating assembly. To assure 
freedom from vibration, the entire rotating assembly has been dynamically 
balanced during manufacture and assembly. 



The rotating assembly is supported by two pressure-lubricated bearings 
housed in a bearing carrier. Engine oil is supplied to the bearings, through 
internal passages bored in the carrier, to lubricate the bearings and to aid in 
the removal of excessive heat. 
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Main housing (7) encloses and supports the bearing carrier, and provides the 
lubricating oil inlet and outlet connections. The main housing also serves to 
mount turbine housing (12) and compressor housing (4). The main housing is 
made in two sections to facilitate removal and replacement of rotating cartridge 
assembly (6). Cartridge packings (13 and 14) mounted on the rotating cartridge 
assembly, one each located behind the turbine wheel and the compressor impeller, 
prevent lubricating oil from entering the turbine or compressor. 

Turbine housing (12) is a hear resistanc alloy casting which encloses the turbine 
wheel and provides a flanged engine exhaust gas inlet, and an axially -located tur- 
bocharger exhaust gas outlet. A thermocouple boss in the turbine housing provid- 
es for measuring the exhaust gas temperature if desired. The turbine housing 
is bolted to main housing (7), providing a compact and vibration-free assembly. 

Turbine nozzle (11) directs the exhaust gas against the turbine v/heel. It is pos- 
itioned against a shoulder in the turbine housing, and is retained by three bolts 
through the turbine housing. Angular orientation of the turbine housing may be 
obtained in increments of 22. 5 degrees, to accommodate various engine installa- 
tions. 

Shims (9) are used between main housing (7) and turbine housing (12) to control 
clearance between the turbine wheel and the turbine housing. 

Compressor housing (4) bolts directly to main housing (7), and encloses the com- 
pressor impeller. A replaceable impeller seal (15) is located at the inlet end of 
the compressor housing. The impeller seal consists of a wave washer, three 
spacers, and three glands. The parts forming the impeller seal are held in pos- 
ition by a snap ring. Angular orientation of the compressor housing may be ob- 
tained in increments of 15 degrees, to accomodate various engine installations. 

Lubricating oil for the turbocharger is supplied directly from the engine lubri- 
cating system. Oil flows through the internally bored passages to each bearing 
Ox rotating cartridge assembly (6). Dishcarge oil drains by gravity. 

OPERATION- -The turbocharger is mounted on the exhaust outlet of the engine 
exhaust manifold. All exhaust gases from the engine pass through the turbine end 
of the turbocharger before they are discharged into the atmosphere. After the 
engine is started, the flow of the exhaust gases will begin operating the turbo- 
charger. During operation, the turbocharger responds to the engine load demands 
by reacting to the flow of exhaust gases and the corresponding air demand of the 
engine. See Figure 15. 
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Fig. 15 - Schematic Flow Diagram 
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The compressor impeller of the turbocharger is directly connected to the 
turbine which is driven by the engine exhaust gases. These hot exhaust gases 
expand through the turbine nozzle, and the turbine wheel, thus producing 
torque and power to drive the compressor. Intake air enters the compressor 
housing, flows through the impeller, is compressed and supplied to the inlet 
manifold of the engine. 



The turbocharger responds to the engine load demands without control con- 
nections between the engine and the turbocharger. Regulation of the turbo- 
charger is automatic, and is accomplished without any special couplings, 
gear or valves. 



Servicing and Maintaining the Turbocharge r -- the following points should 
be checked frequently to maintain top operating performance: 

1. Inspect the mounting and the connections of the turbocharger 
to be certain they are secure, and that there is no lubricant 
or duct leakage. 

2. Check the engine crankcase breather to make sure that there 
are no restrictions to air flow. 

3. Operate the engine at the approximate rated output, and listetn 
for unusual turbocharger noises. If a shrill, high pitch whine 
is heard, shut down the engine immediately. The whine is 
indicative of bearing failure. Remove the turbocharger for 
overhaul. (Do not confuse the whine heard during run down 
with that which indicates a bearing failure during operation). 
Other noises can result from improper clearance between 
the turbine wheel and the turbine housing. If such noises 

are heard, the turbocharger must be removed from the 
engine, disassembled and inspected. 

4. Check the turbocharger for unusual vibrations while the engine 
is operating at the approximate rated output. If excessive 
vibration is evident, remove the turbocharger for disassembly 
and inspection. 

5. Check the engine under loaded conditions. Excessive exhaust 
smoke indicates improper fuel-air mixture, and could be a 
result of either engine overloading or turbocharger malfunction. 

6. Inspect and service the engine air cleaner in accordance with 
the instructions of its manufacturer. 
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PERIODIC INSPECTION --In addition to the inspection, naake the following 
check of the turbocharger when making a regular engine inspection. 

1. Inspect all air ducting connections for possible leaks with 
the engine shut down, and with the engine running. Repeat 
this inspection at manifold connections to turbine inlet and 
engine exhaust manifold gasket. 

CAUTION: Do not operate the turbocharger if a leak exists 
in the ducting, or if the air cleaner is not filtering efficiently. 
Dust leaking into the air ducting can damage the turbocharger 
and the engine. 

2. Remove the air inlet duct and check the compressor impeller 
for dirt build-up. Dirt build-up must be removed. See 
Figure 16. Remove the turbocharger from the engine, dis- 
assemble, and clean. 

NOTE: If excessive dirt build-up is noted on the compressor 
impeller, determine and correct cause of dirt entering the 
turbocharger. Check all air ducting and the air cleaner. 
However, before removing the turbocharger from the engine 
remove as much dirt as possible from the exterior surfaces. 
After removing turbocharger and before disassembly, again 
clean dirt from the exterior surfaces. 

3. With the inlet duct removed, turn the rotating cartridge 
assembly by hand, and check for binding or rubbing. Listen 
carefully for unusual noises. If binding or rubbing is evident, 
remove the turbocharger for disassembly and inspection. 



BEARING CLEARANCE INSPECTION -- This determines whether or not it 
is necessary to replace rotating cartridge assembly (31), shown in Figure 17. 
Prior to checking the bearing clearance, it is necessary to remove the air 
inlet exhaust discharge ducting from the turbocharger. 

1. Fasten a dial indicator on turbine housing (11) with indicator 
registered on smallest diameter of turbine wheel hub. 

2. Place thumb on impeller nut and push down. 

3. Move turbine wheel up and down while pushing down on the 
impeller nut. 

4. Read dial indicator while moving turbine wheel as noted in 
Step 3 above. 

5. Fasten a dial indicator on compressor housing (3) while indi- 
cator registered on compressor impeller nut. 
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6. Place thumb on exposed end of the turbine wheel and 
push down. 

7. Move the compressor impeller up and down while pushing 
down on turbine wheel. 

8. Read dial indicator while moving compressor impeller 
as noted in Step 7 above. 

NOTE: If the total indicator reading exceeds 0. 009”, 
in either Step 4 or Step 8, replace rotating cartridge 
assembly (31). 

9. Check axial end play with a dial indicator. Axial end 
play must be between 0. 004” and 0. 008”. 



DISASSEMBLY AND CLEANING — Disassembly of the turbocharger can be 
accomplished without the use of special tools or fixtures. The design of the 
turbocharger provides for straight forward assembly and disassembly. As the 
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Fig. 17 - Turbocharger details and relative location of parts 
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parts are removed, place them on a clean workbench in the order of dis- 
assembly. Care must be taken to prevent damage to the components while 
they are on the workbench, see Figure 17.. 

1. Before cleaning, inspect the components for signs of scoring, 
burning or other damage which might not be evident after 
cleaning. 

2. Soak all parts except the rotating cartridge assembly in a 
carbon cleaning solvent. Use a stiff bristle brush to remove 
clinging dirt deposits. Dry parts thoroughly. It is recom- 
mended that parts be dried with filtered, moisture-free air 
at approximately 20 psi pressure. Use clean lint-free cloths 
as necessary. 

Caution: Use cleaning solvent in a well -ventilated area. 
Avoid breathing solvent vapors. Observe fire precautions. 

3. Soak the compressor impeller in clean solvent for about 20 
to 25 minutes. This must be accomplished by placing the 
rotating cartridge assembly in a vertical position and im- 
mersing only the compressor impeller in the solvent. Make 
sure that solvent does not enter the bearing housing. After 
soaking, use a stiff bristle brush and remove all dirt particles 
from the impeller passages. Dry the compressor thoroughly 
with air or cloths. 

Caution: Before the turbocharger is serviced and put 
back in operation, make sure all foreing matter is re- 
moved during cleaning operation. 

4. The turbine wheel on the rotating cartridge assembly must be 
cleaned of carbon and deposits in the same manner as outlined 
in Step 3. 

Note: Normally, a slight build-up of carbon or deposits 
will not affect the turbine operation. 

5. Use a wire brush to clean carbon and deposits from the tur- 
bine housing and the turbine nozzle. 



INSPECTION AND REPLACEMENT -- 

1. Inspect all parts for corrosion, nicks or damage. Check all 
mating flange surfaces for proper alignment. Replace any 
part which shows measurable wear, or is damaged beyond 
simple repair. 

2. Inspect rotating cartridge assembly (31) for binding, damage 
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or evidence of rubbing on adjacent parts, and caked or excessive 
turbine wheel carbon or deposits. Check the operation record 
or the service record of the turbocharger for any notation of 
vibration, noisy operation or insufficient engine power out- 
put. The rotating cartridge assembly may be continued in 
service without the necessity of being rebalanced, if the 
assembly has shown reliable service and passes inspection 
procedures. 

3. If it is necessary to replace seal spacers (6), wave washer 
(5) must also be replaced. 

4. Replace the following parts at each overhaul regardless of 
condition: 

a) impeller seal glands (7) 

b) ring packing (8 and 33) 

c) nozzle retaining bolt gaskets (13) 

d) main housing gaskets (30) 

e) carrier packing (32) 

ASSEMBLY -- Before reassembling, check each part to be certain that it is 
clean. If, during reassembly, any foreign particle should fall into the tur- 
bocharger, remove the particle before continuing, even if extensive dis- 
assembly is required. For added protection, cover openings with tape and 
cardboard. 



LUBRICATION --On new units, units that have not been operated for a long 
period of time, or units just overhauled, the turbocharger rotor bearings 
require pre-oiling due to the oil having been drained out of the turbocharger. 
To assure pre- lubrication on starting the engine and prevent any subsequent 
bearing damage, the following procedure is recommended. 

1. Clean area around oil inlet line thoroughly. 

2. Disconnect oil inlet line and pump clean engine oil into the* 
turbocharger. 

3. Reconnect oil inlet line- 

CAUTION: After the turbocharger has been operating for 
a sufficient time to permit the unit and oil to warm-up, 
the rotor should coast freely to a stop after the engine is 
stopped. If the rotor jerks to a sudden stop, the cause 
should be immediately determined and eliminated. 
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TURBOCHARGER TROUBLE SHOOTING CHART 



Troxible 


Probable Cause 


Remedy 


Noley operation, or 
vibration 


Bearings are not being 
lubricated 


Supply required oil pressure, clear or replace oil 
line. After correcting the condition, replacement 
of the rotating cartridge assembly may be re- 
quired. 




Impeller seal glands rub- 
bing 


Impeller seal glands will seat in after 10 minutes 
of operation. 




Leakage in engine intake, 
or exhaust manifold 


Tighten loose connections or replace manifold 
gaskets if necessary. 




Turbocharger rotating 
cartridge assembly seals 
rubbing 


Replace rotating cartridge assembly. 




Loose fit of rotating car- 
tridge assembly journals 
or bearings 


Replace rotating cartridge assembly. 




Excessive build-up of 
dirt in compressor or 
impeller 


Thoroughly clean all dirt from compressor im- 
peller, or replace rotating cartridge assembly if 
bearing clearances are greater than allowed. 
Clean air cleaner and check air inlet ducting for 
leakage. 




Excessive build-up of car- 
bon, or deposits on tur- 
bine wheel 


Replace rotating cartridge assembly. 

1 


Engine will not deliver 
rated power 


Clogged manifold system 


Clear all ducting. 




Foreign material lodged in 
compressor or ln 4 >eUer, 
or turbine wheel 


Replace rotating cartridge assembly. 




Leakage in engine intake 
or exhaust manifold 


Tighten loose connections or replace manifold 
gaskets if necessary. 


1 


Rotating cartridge assem- 
bly bearing seizure 


Replace rotating cartridge assembly. 
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SECTION G -- TROUBLE SHOOTING TIPS ON THE AIR SYSTEM 



CRANKCASE PRESSURE -- A crankcase pressure reading indicates the 
amount of air that has passed between the oil control rings and the cylinder 
liner into the crankcase. Most of this air is cl(?an air from the air box. 

A slight pressure in the crankcase is needed to keep dust out. A loss of 
engine lubricating oil through the governor breather tube, crankcase vent- 
ilator, or dipstick hole in the cylinder block is an indication of an excessive 
crankcase pressure. 

Some of tne causes of high crankcase pressure may be traced to an excessive 
blow-by due to worn piston rings, a hole or crack in a piston crown, loose 
piston pin retainers, defective blower, cylinder head or end plate gaskets, or 
excessive exhaust back pressure. Also, the breather tube or crankcase 
ventilator should be checked for obstructions. 

The crankcase pressure may be checked with the manometer in the engine 
diagnosis test ket J 7333-04. The manometer should be connected to the oil 
level dipstick opening in the cylinder block. Check the readings obtained at 
various engine speeds with the specifications in the Operating Conditions 
Chart in the maintenance manual. 

EXHAUST BACK PRESSURE -- A slight pressure in the exhaust system is 
normal. However, excessive exhaust back pressure seriously affects engine 
operation. It may cause an increase in the air box pressure with a resultant 
loss of efficiency of the blower. This means less air for scavenging, poor 
combustion and higher temperatures. 

The exhaust back pressure, measured in inches of mercury, may be checked 
with the manometer in the engine diagnosis test kit J 7333-04. The manometer 
is connected to the exhaust manifold by removing the 1/8” pipe plug which is 
usually provided for that purpose. However, if there is no opening provided, 
one can be made by drilling an 11/32” hole in the exhaust manifold companion 
flange and tapping a 1/8” pipe thread. 
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Check the readings obtained at various speeds with the specifications in the 
specific maintenance manual. 

AIR BOX PRESSURE -- Proper air box pressure is required to maintain 
sufficient air for combustion and scavenging of the burned gases. Low air 
box pressure is caused by a high air intake restriction, damaged blower 
rotors, an air leak from the air box (such as leaking end plate gaskets), a 
clogged blower air inlet screen, lack of power, or black or grey exhaust 
smoke are indications of low air box pressure. 

To check the air box pressure, connect the manometer or gauge fron. engine 
diagnosis test kit J 7333-04 to the air box of the cylinder block by removing 
one of the 1/4” pipe plugs located beneath the hand hole cover on the side of 
the engine opposite the blower, or to an air drain. 

Check the readings obtained at various speeds with the specifications in the 
specific maintenance manual. 

AIR INTAKE RESTRICTION -- Excessive restriction of the air intake will 
affect the flow of air to tne cylinders and result in poor combustion and lack 
of power. Consequently, the restriction must be kept as low as possible 
considering the size and capacity of the air cleaner. 

The air intake restriction may be checked with the manometer or gauge 
from the engine diagnosis test kit J 7333-04. Connect the manometer to 
the blower air inlet assembly in the drilled and tapped hole provided for the 
cold weather starting aid connection. On earlier units in which the hole is 
not provided, use a current stock air inlet assembly for the test. Check 
the normal air intake vacuum at various speeds (at no load) and compare 
the results with the Operating Conditions in the specific maintenance manual. 

THE MANOMETER -- The U-tube manometer is a primary measuring 
device indicating pressure or vacuum by the difference in the height of two 
columns of fluid. 
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Connect the manometer to the source of pressure, vacuum, or differential 
pressure. When the pressure is imposed, add the number of inches one 
column of fluid travels up to the amount the other column travels down to 
obtain the pressure (or vacuum) reading. 

The height of a column of mercury is read differently than that of a column 
of water. Mercury does not wet the inside surface; therefore, the top of the 
column has a convex meniscus (shape). Water wets the surface and therefore 
has a concave meniscus. A mercury column is read by sighting horizontally 
between the top of the convex mercury surface ( Figure 18) and the scale. A 
water manometer is read by sighting horizontally between the bottom of the 
concave water surface and the scale. 

Should one column of fluid travel 
further than the other column, due 
to minor variations in the inside 
diameter of the tube or to the pres- 
sure imposed, the accuracy of the 
reading obtained is not impaired. 



The manometer reading may be 
converted into other units of meas- 
urement by the use of the pressure Fig. 18 - Comparison of column height for 

conversion chart. mercury and .wat er manometers. 

I PRESSURE CON VERSION CHART 

.0735" mercury 
.0361 psi 
.491 psi 
13.6" water 
27.7" 

2.036" mercury 



1" water 
1" water 
1" mercury , - 
1" mercury - 
1 psi 
1 psi 




HEIGHT 

OF 

COLUMN 




TOP SURFACE OF FLUIDS 

CONVEX FOR MERCURY CONCAVE FOR WATER 
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DIF^'^'L AUTOMOTIVF MAINTENANCE 
DETROI r DIESEL AIR SYSTEM 

Huiiiaii Edniiieerin^f Institute 



Press A 



10 65 



WHAT IS AIR'^ Normally we take it for granted because 
it cannot be seen. However, just as water is the most 
coiinnon liquid, air is the most common gas. 

Gas IS a lor in of matter that does not have a definite 
shape or volume. (Don’t confuse it with gasoline, which 
IS a liquid. ) Its molecules (smallest particles) move 
freely. For example, if you pump some air into a 
balloon, it immediately becomes evenly distributed all 
through the space available to it. It does not collect in 
one spot as water or sand would do. 
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You said molecules move the most freely "in solids or 
liquids.” Let’s look at your answer in relation to water. 
As an icecube, water is a solid form of matter. It 
possesses a definite shape and volume. When it melts, 
it becomes a liquid form of matter. It loses its shape, 
but the volume or amount remains the same. If this 
water were converted to steam (a form of gas ) it would 
lose its fixed volume. As steam, the water would be 
evenly distributed in the atmosphere and would seem to 
"disappear. " The reason is that the molecules (smallest 



partic les) of a gas move m ore fr eely than the molecules 
of liquids or solids. 
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Which one of the following statements is correct? 

- r 



A. Air is affected by the earih’s pull of 
gravity and has weight. 



B. Air IS not affected by the earth’s pull of gravity 

and has no weight. y 

C, Air has no definite shape or volume and 

therefore has no weight. 7 



In this program you will be introduced to some 
of the characteristics of air - and their relation 
to the air system of a diesel engme. 

Pi vaS A — a 
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In which of the following forms of matter do the 
molecules move the most freely? 



A. 


Solids. — 




B. 


Liquids. — 


¥ 


C. 


Gases. ^ 





7 ' 



"Molecules move the most freely in gases ’ is the 
correct answer. 

Although matter differs as to whether or not it has shape 
and fixed volume, it does have some characteristics in 
common. All matter has mass and weight. Mass is con- 
cerned with the quantity of matter. It is difficult to give 
an exact definition of mass and we need not be concerned 
with it at this time. WEIGHT is the amount of pull of the 
earth’s gravity on matter. 
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Your answer is incorrect. 

Remember we said that air is a gas and therefore a form 
of matter. ALL matter is affected by the earth's pull of 
gravity and has weight. 
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"Air IS affected by the earih^s pull of gravity and has 
weight" IS the correct answer. 

Because air has weight, it exerts pressure on anything 
it surrounds, including your own body. The reason you 
do not feel this pressure is that it is balanced by an equal 
pressure fi om the inside-- there is air in your body cavities 
and in the tissues and fluids. 



No, your answer is incorrect. Air pressure and air 
weight are not the same. Matter can exert pressure 
because it has weight, but they are not the same. You 
must have weight before you can have i)ressure. 



Which one of the lollowing statements is correct? 

A Air pressure and air weight are the same, - ^ 

B. Air pressure is due to the fact that air has 

weight. ! ! 

C. The pressure of air gives it weight. — / Q 
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No, your answer is incorrect. You have pressure and 
weight confused. Air pressure is due to the fact that 
air has weight. You must have weight before you can 
have pressure. 
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Atmospheric pressure is measured by means >f a 
mercury tube. A glass tube, about thirty six inches 



long and sealed at one end. 
mercury. The open end is 
IS turned over and the open 
mercury. The mercury in 
from the sealed end until it 
the mercury in the dish. 
This happens because the 
atmospheric pressure on 
the mercury in the dish 
is such that it will support 
a 30 inch column of 
mercury. 
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IS completely filled with 
held closed until the tube 
end IS set in a dish of 
the tube will drop away 
is about 30 inches above 




I 



1 
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No, your answer is incorrect. Remember we said at 
a higher altitude, the atmospheric pressure is ^e^s. 

This means there would be less pressure on the mercury 
in the dish and the column of mercury would drop part 
way in the tube. 
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**Air pressure is due to the fact that air has weight" is 
the correct answer. 



me lype oi air pressure we have been discussing 
called atmospheric pressure. 

The atmospnere is the body of 
air surrounding the earth. If 
it were not for the earth’s 
gravity, this layer of gas 
would escape into outer space. 

At sea level, atmospheric 
pressure amounts to about 
14. 7 pounds per square inch. 

At a higher altitude, it would 
be less, 

Sea 
Level 
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If you had this tube of mercury at an altitude 
of 10,000 feet, the height of the mercury in 
the tube would 



A. remain the same 

B. drop 

C. rise 



/cT 
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"The height of the mercury in the tube would drop" is 
the correct answer. 

The atmospheric pressure is less at a higher altitude' 
because the air is thinner or less dense. At a lower 
altitude, however, the density nf the air increases, 
because of the pressure being exerted by successive 
layers of air. If you took a mercury tube below so 
level (as in Death Valley), the mercury would rise 
above 30 inches because the atmospheric pressure 
would be greater. 

The atmospheric pressure at sea level is 14. 7 psi 
(pounds per square inch) and is used as a basis lor 
comparison whenever we are measuring pres.sure. 
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WluMi tin* morcury drops in (he tube, U leaves a vacuum 
at the (op ol ' tube. A VACUUM is a space m which 
(lie *nr pressure is less than the pressure ul the 
atmosphere. (A perfeeji vacuum exists vdicn all 
matter or *^iises have been removed from a space. This 
IS a very difficult condition to obtain - practically 
imp()Ssible. ) 



A vacuum would exist whenever the air pressure is 
less than 



A. 


17. 4 !)Si 


- n 




B 


11.4 psi 


- /? 


1 


C. 


14. 7 psi 


- /s- 








'14. 7 psi” IS tlie correct answer. 



So tar we have talke'd about the effect of atmospheric 
prt’S'^ure on mercury. U water is substituted for 
mercurv. the atmospheric pressure at sea level would 
support a vt)lumn ot water 34 feet in height. The reason 
tor this difference is that water is less dense - weighs 
less per cubic inch - than mercury. 



riie knowledge of the effect of atmospheric pressure on 
\ arums liquids makes it possible for us to measure the 
i)rc.',sure of other gases. To do so we must .mow the 
of tne liquid being used. 



A. 


density **• 


V/ 


D. 


total weight 


/; 


C. 


psi ^ 








No. you are incorrect. We must know the density, or 
wei ght per cubic inch . of the liquid being used. Psi 
is pounds per square inch and a measure of pressure. 
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Our knowledge of the effect of atmospheric pressure 
on liquids of various densities is used to measure gas 
pressure with a manometer. A MANOMETER is a 
glass, U-shaped tube containing water or mercury. 
The tube is open at both ends and each leg of the tube 
is marked in inches. When measuring pressure, one 
end of the tube is connected to the element containing 
the gas. 

Which one of the following illustrations shows liow the 
m.anometer would appear if the pressure being 
measured is more than the atmospheric pressure . 




/7. 



No, your answer is incorrect. Remember a 
vacuum exists when the air pressure is less 
than the pressure of the atmosphere. 
Atmospheric pressure \s 14. 7 psi. 
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No, your answer is incorrect. You must know the 
^^”sity. or w eight per cubic inch , of the liquid being 
used. Knowing the total weight of the liquid would 
not give you enough information. 
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"Density" or weigh t pe r cubic inch is the correct 
answer, 



Using the mercury tube, we know that mercury has a 
density of . 49 pounds per cubic inch. If the atniMsohoric 
pressure supports 30 inches of mercury, tl^e pressure 
is equal to 30 x . 49 or 



14. 7 pounds. Note, the 
density of a liquid remains 
the same regardless of the 
amount we arc talking 
about. This means that the 
atmospheric pressure will 
support a 30 inch column (»f 
mercury in a tube 1 2", 1" 
or 1 foot in diameter. 
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No, your answer is incorrect. 



U.7 psi 

AP 




In the illustration you selected, the 
liquid in the side connected to the 
element is higher than tlie liquid in 
the side exposed to the atmosplienc 
pressure. This would indicate that 
the pressure being measured is less 
than atmds|5Tieric pressure. 



We asked for measurement of a 
pressure that is greater tlian 
atmospheric pressure. 

Let’s try tliat question again -- 



U.7 psi 
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No, yuur answer is iiicurrecl. 

In tlie illustration you selected. 

111 both sides of the 
tube. This W(juki indieato 
tlut tlie tiressiire beiiij; 
measured is the same as 
a t m o s j ) In* r u’ } ) r es s u rl\ 

We ask(‘d for the illustra- 
tion showing lu)W the mano- 
meter would appear if the 
pressurt' bein^ measured 
IS nume than the 
at miispfifrie pressure. 

Let’s try that question again -- 
Press A “ \ 



the liquid ;s at the same 



«p 

\i 
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14.7 psi 













No, your answer is incorrect. Atmospheric pressure 
IS used as a basis of comparison. When measuring 
gas pressure we say it is less than, equals or exceeds 
the atmospheric pressure. We do not "decrease” 
atmospheric pressure. In the illustration on the 
previous frame, the manometer indicates a pressure 
tliat IS mure than the atmospheric pressure. The 
density of the liquid times the distance from points A 
to B is, therefc^re, the amount by which the gas pressure 
exceeds the atmospheric pressure. 



A. decreases 

B. equals 

C. exceeds 



This is the c(jrrect illustration of 
how a manometer wcxild indicate 
a pressure that is more than 
atmospheric pressure ( 14 . 7 psi). 

The psi at point A is due to the 
density of the liquid from points 

/u ® atmospheric pressure 

a he top of the column. The deSy 
of theliquid times the distance froni 
A B; 'J>erefore, is the amount 
v'^mch the gas pressure ^ 

the atmospheric pressureT"^ ' 

V- 7 
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No, your answer is incorrect. You said the density of 
the liquid times the distance from points A to B is the 
amount the gas pressure "equals" the atmospheric 
pressure. However , gas pressure either equals atmos- 
pheric pressure or it does not equal it. There is no 
a^mount involved. In the illustration on the previolis 
irame, the manometer indicates a pressure that is 
mo^ than the atmospheric pressure. The density 
^ine liquid times the distance from points A to B is, 
therefore, the amount by which the pressure of the gas 
exceeds the atmospheric pressure. 



Press 
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"Exceeds" is the correct answer. 






In a manometer, the amount of 
pressure indicated by the 
density of the liquid times the d 

iistince is called gauge 
pressure or psig. Whenever • 

you see psi it refers to gauge 
pressure or the amount The 
pressure exceeds the atmos- 
pheric pressure. 

If the atmospheric pressure is added to the gauge 
pressure, the result is absolute pressure or psia. Thif. 
is the pressure as it would exist above a perfect vacuum. 
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In this manometer the liquid is 
mercury. The density of mercury 
is . 49 pounds per cubic inch. The 
distance between point A and B if 5 
5 inches. 

What is the psi of the gas being 



measured? 



A. 


2. 05 


- JO 


B. 


2. 45 


- 


C. 


24. 5 


- J/ 
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No. your answer is incorrect. It appears you forgot 
to carry the "4" when multiplying . 49 by 5. 

5 X . 49 is the same as : 5 x . 40 * 2. 00 

plus 5 X . 09 > 45 

2,45 

Let’s try that question again -- 
Press A > C 
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No, your answer is incorrect. You did not place 
the decimal mark correctly when you multiplied 
. 49 by 5, 

.49 

2 , 45 , 

Let’s try that question again -- 
Press A 
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Vu. your answer is incorrect. You did not line up the 
dcciiiMl mark.s correctly when you added the psi to the 
atmospheric pressure; 

14. 7 
2. 45 

17. 15 



Try that one at;ain -- 
Press .A '■ ** 'y, 






No, your answer is incorrect. It appears you forgot 
to carry the when multiplying . 49 by 9. Here is 
a ’*short-cur* method for figuring problems like this: 



9 X . 40 


= 3.60 


plus 




9 X . 09 


= .81 




4. 41 
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“4 4‘" is ♦he correct answer. 




In this problem, because the liquid 
rose on the closed side of the mano- 
meter, we know that a 

exists in the” 
eremenf where the reading is being 
taken. 



A. pressure exceeding atmospheric pressure ^ ^ > 

B. pressure equalling atmospheric pressure — ^ 

C. partial vacuum 



rl 






No, your answer is incorrect. '*14. 7’* is the 
atmospheric pressure. This number must be added to 
the psi for the psia: 



14. 7 
2. 45 



17. 15 



Try that one again -- 
Press A -• J 






"17. 15’* is the correct answer. 

r 




In this manometer the liquid 
is mercury, which has a 
density of . 49 pound per cuoic 
inch. The distance between 
points C and B is 9 inches. 



What is the psi of the ^as being measured? 

A. 4.41 - 

B. 3.61 ^ 

C. . 58 






~ .3 / 






No, your answer is incorrect. You added the numbers 
instead of multiplying them. 9 x . 49 - 4. 41 Work the 
problem so you can check your multiplication. 
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No. your answer is incorrect. Remember, the liquid 
rose on the closed side of the manometer. We, therefore, 
know that a pressure less than the atmospheric pressure, 
or a partial vacuum , exists in the clement wticre the 
reading is being taken. If the pressure exceeded the 
atmospheric pressure, the liquid would rise in the 
other side of the tube. 
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No, your answer is incorrect. The liquid rose on the 
closed side of the nuinoinetcr. This indicates that a 
|;artial vacuum, or a pressure less than the atmospheric 
pressure exists in the element where the readint^ is bein^ 
taken. In a sense, the atmospheric pressure of 14. 7 psi 
is able to push the liquid down the open end of the tube 
and aeainst the weaker pressure in the element. If the 
pressures were equal, the liquid would be at the same 
level in both sides of the lube. 
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'■partial vacuum" is the correct answer. Remember - a 
partial vacuum e.xists whenever tlie psin is lets than 
14, 7 lbs. 

You are doing fine and have answered all the questions 
correctly. 

If you would like to go on to new material, PressA.-4^J 

If you would like to review the material we have just_ 
covered. Press B. 






‘'Partial vacuum” is the correct answer. 



\ PRESSURE AND VACUUM POINTS IN THE DIESEL 

AIR SYSTEM 









You missed one or more questions in the preceding portion 
of this program* Let's review the material. Read 
('urefully and try to answer all the questions correctly. 
Take your time in working the problems. 




As mentioned in the previous portion of this program, 
gas molecules (remember: air is a mixture of gases) 
move very freely. They are always trying to spread 
out or expand. Gas at a high pressure tends to force 
its way into a vacuum or low pressure area* 

The purpose of the BLOWER is to force air into the 
air box. In the process of doing so, it creates a 
vacuum or low pressure in the air inlet and shut-down 
housings. Because of this vacuum, air from the air 
cleaner forces its way into these housings and thus a 
continuous supply of air is provided for the diesel 
engine. 
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The engine operatimi charts specify the proper psi 
l\»r the air inlet housing. If the psi is too high, it 
would indicate that the blower is not working properly 
or there are leaks in ihe housing. 



What would be indicated if the psi is too low ^ 

A. The blower is working too fast. ^ 

B. There are air leaks in the air inlet housing. 

C. There is an air restriction in the cleaner or 

housings. ^ r 



No, you are wrong because the blower cannot turn tun 
fast. As you learned in class, the blower rotates in 
direct proportion to engine rotation (the faster the engine 
turns, the faster the blower turns). Too low a psi in 
the air inlet housing would iidicate that there is an air 
restriction in the cleaner i r ‘.ou.sings. 
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No. your answer is incorrect. Air leaks in the inlet 
housing would permit outside air to come into this 
normally low pressure area. This would result in 
too high a psi for the housing. Too low a psi in the 
air inlet housing would indicate that there is an air 
restriction in the cleaner or housings. 
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"An air restriction in the cleaner or housing.s is the 
correct answer. 



The blower is constructed to force air into the air box 
and therefore 
in the air box. 



A. 

B. 



C. 



create a vacuum 






build up an air pressure 






create a strong current 
of air pressure 



of air witli no i haiigi 

- -/r 
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Nu, you!- .mswi-r is iiicoiTcc-t. Tlu- air box is an 
oiu-losod ai'o.i. Forcing iiioro air into a closed area 
will build op ilu“ air pressure. A vacuum is created 
by drawiii-. air out ol an enclosed area. 
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'BuiH up an air pressure*' is the correct answer. 



The correct psi fur the air box is indicated in the engine 
(•perating chart. Too high a psi would indicate that the 
air IS unable to continue its normal flow through the 
engine. Since it should flow through the cylinder ports 
into the cylinder, too high a psi could indicate that the 
c ylinder ports are partially blocked. (A certain amount 
of pr(‘ssure, however, is required to force the air through 
fhi’ rvlinder ports for scavenging and combustion purposes. ) 

VVhU’h ou(‘ of the tollowim’ (’(mditions would be indicated 
t)V ton low a psi reading in the air box? 

A. l'(H) much air is flowing hrough the engine. 

B A restriction exists in the air cleaner or y-n 
air inlet houtiings. ^ S 3 

The air btix seals are too tight. 



C. 



-Si 






No yuur answer is incorrect. Remember a certain 
amount of pre.ssure is necessary in the air box to 
torce the air through liie cylinder ports. To maintain 
this pressure, it is necessary that the air box bc_^ightly 
.sealed. A low psi reading in this area could indicate 
that there are leaks in the air box, but chances are that 
there is a restriction at tlie air cleaner or air inlet 
housing. 
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A psi reading is also taken to obtain the exhaust back 
[iressiire The burnt gases that exist in nTe’cyTTii^e r after 
cn-hlaisnon are under a great amount of pressure. The 
engine is designed to route these gases out the cxliaust 
valves, through the manifold, muffler and exhaust stacks 
into the outside air. The fresh air that enters the 
cvlmder through the cylinder ptirts helps to flush these 
gases out. If the pressure in the manifold, however, is 
excessive, the fresh air cann<a flush the gases out of the 
{‘yliiider. 
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No, your answer is incorrect. Reiuembcr the .iir hov 
IS an enclosed area. Forcing more air into a dosed 
area will buil d up the air prcssi^re. It should also be 
noted that - because of its nature - a stronj; current of 
air produces a high pressure'. 
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No, your answer is incorrect. Remember a ccr 
amount of pressure is necessary in the mr box to 
force the air through the cylinder ports. A low jisi 
reading in the air box w.,uld indicate that then is c.m 
enough air coming ironi the blower. This could mdicati 
that a restriction exists in the air cleaner or air inlet 
h(»usings. 
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"A restriction exists in the air cleaner or air inlet 
housings” is the correct answer. 

Most (»f the air from the air box flows into the cylindtu s 
for scavenging and comhasliim purpn^rs. .A small .imuimt 
ol ilr.* air. luiwever, flows into ilu' cranl<cas(‘ - when* it 
maintains a slight air pressure t<» keiM) outside air and 
dirt from entering the crankcase and cunta minating tin* 
oil. In the proces.*^ »>[ troubleshooting the air sysieiii. 
psi readings are taken m the crankcase and co:iipa red 
to the tither j)si readings to pm))oint the trouble. 
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Excessive back pressure in ilie manifold has a cliam 
reaction in llu‘ dicsi.’l air systmii. If tlie air t aiinoi 
be cxJiaustcd from the cylinder, it builds up pressuia' 
in the air box and in the 



A. (rankcase. 

B. air inl(*l housing. 

C. iiir cleaner. 



- 
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your answer .s ineorreet. Even with excessive 
:k pressure, the blowers would continue to carry 
into the ;ur lx.x and thus create a vacuum in the 
in lot liousmi;. 

e onlv outlet for air in the air box is throutth the 
linder and into the crankcase, If excessive exhaust 
L-k iiressure prevents the normal amount of air from 
ivintt the cvlindei; pressure will build up in the 
ankrase. 



re»sA ~ S' 
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If fresh air cannot be exhausted from the cylinder, it 
luilds up pressure in the air box and crankcase is the 
orrect answer. 

Vhich one of the following correctly desi^^nates the 
pressure and vacuum points in the diesel air system? 

A Pressure from the air cleaner to the blower, 
in the air box, and in the exhaust. Vacuum -"i 
in the crankcase. 

B. pressure in the air box, crankcase, and ex* ^ 
haust. Vacuum from the air cleaner to the c 
blower. 

C Pressure from the air cleaner to the blower, ^ 
in the crankcase and in the exhaust. Vacuum 
in the air box. ^ 



40 



fn • said there is "pressure from the air cleaner to 
he'blower, in the crankcase and in the exhaust and 
1 vacuum in the air box. 

[f there was pressure from the air cleaner to the blower, 
ind in the air inlet housing, how would it be created^ 
ThP blower is drawing the air from this area and this 
" a?£T vacuum from the ait cleaner to the blower. 

Now. the blower Is toreng uUo the air ^ TOs 

fn^rarTKif i? w3 be Impossible to 
;rper"re IKe® ngt'S^^s there would no, be suftlc.ent a,r 
for combustion. 
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Mo, your answer is incorrect. Remember there is a 
vacuum in the air inlet housing. The liquid, therefore, 
would rise on the side of the manometer that is connected 
to the housing. The illustration you selected showed the 
liquid higher on the side of the manometer that is 
exposed to atmospheric pressure. This would indicate 
that the pressure being measured is more than the 
atmospheric pressure. 

Try that one again — 

Press A -4/ 



No. your answer is incorrect. The air cleaner is exposed* 
to regular atmospheric pressure. It i.s constructed so 
that air can be drawn into it and sent on its way to the 

engine. 

It IS impossible to build up pressure in the cleaner. The 
only outlet for air in the air box is through the cylinders 
and into the crankcase . U excessive exhaust back pressure 
prevents the'^mal lmount of air from leaving the 
cylinder, pressure will build up in the crankcase. 
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You said there was "pressure from the air cleaner to 
the blower, in the air box and m the exhaust, ana a 
vacuum in the crankcase. 

If there was pressure from the air cleaner |he bU^^^r 
in the air inlet housings, how would it be created. The 
Woier is drawing air from this area and thus creates a 
vacuum from the cleaner to the blower. 

Now, there is an opening from the air 

case. Therefore if we have pressure in the air box. 

there will also be a pressure in the crankcase. 
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Yes, the correct pressure and vacuum points in the diesel 
air system are: pressure in the air box, crankcase, and 
exhaust; and a vacuum from the air cleaner to the blower. 

These pressure and vacuum points are meas ured with a 
manometer. Which one of the following illustrations 
shows how the manometer would appear when measuring 
the pressure in the air inlet housing if the air system were 
operating properly? 




ifc 
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No 



your answer is incorrect. Remember there is a 
vacuum in the air inlet housing. The liquid, therefore, 
would rise on the side of the manometer that is connected 
to the housing. Th« illustration you selected showed the 
liquid M at the same level on both sides of the m.inometcr. 
This would indicate that the pressure being measured is 
the same as the atmospheric pressure. 

Try that one again -- 

Press A ^4! 
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Tins IS the correct illustration 
of ii manometer measurmi; the 
pressure in the air inlet liousin^. 
A vacuum exists m the housing 
so the atmosplieru* pressure is 
able to push the liquid down >n 
tlie side of the tube exposed to the 
at mosphere. 



Congratulations, you have answered all the questions in 
tins portion of tlie proja:ram correctly. D you would like 
(o review the material on pressure and vacuum points in 
the diesel air system. Press A, ~ ^ 

To uo on to new material, Pr(\ss B. 

X' e ^ ^ 
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GAS PRESSURE. VOLUME AND TEMPERATURE 

There' is a definite relationship between the pressure, 
volume and temperature of ^as. Because of this re- 
lationship. definite rules can be formulated about the 
(‘harac't eristics of gas. 

Tlie First Rule states that if the pressure (P) of a gas 
is held (’onstant or the same, its volume (V) will expand 
or contract in exact proportion to its absolute temperature. 
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"Four lubic- fiot" IS the correct answer 

The Second Rule slates that at any fixed volume, the 
absolute pressure of a gas rises or falls in exact 
proportion te l temperature 
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Fur example, in the problem we just worked, suppose 
the uas had a pressure of 10 psi. At 500 degrees, the 
tras occupied two cubic feet of space and the pressure 
exerted on the container was 10 psi At 1000 degrees 
the gas occupied four cubic feet of space but the 
pressure was stdl 10 psi 
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N 'W. according to the second rule, wluit would the 
psi be if vou doubled the temporatiiro but did not 
permit tlie gas to expand into ,i larger container'’ (If 

k\ Press D. ) — ^ 



you want 


t(» iM*-read (ho Second 
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A. 


0 ()Sl 


B. 


15 ()Si — 0 


C 


20 psi 
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This is the correct “ 
illustration of a manometer 
measuring the pressure in 
the air inlet housing. A 
va(‘uum exists in the housing 
so the atmospheric pressure 
is able to push (he liquid 
down on the side of the tube 
ex])osed to the atmosphere. 



You missed one or more questions in (he last portion of 
(his program. Let’s review the material. Read 
carefully and try to answer all the questions correctly. 
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Suppose you have two cubic feet of gas at an absolute 
temperature of 500 degrees and you increase the 
temperature to 1000 degrees. If (he pressure is to 
remain the same, the gas will have a volume ol 

at an absolute temperaturo of 1000 

degrees. 

A. 

B. 

C. 



one cubic foot 

three cubic Icet O' 

- 



four cubic feet 






No. your answer is incorrect. Remember tlie rule 
states that if the pressure is held constant, tht’ volume 
will expand or contract in exact proportion to its 
absolute temperature. 

At 500 degrees the gas occupied two cubic feet of space. 
When the temperature is doubled to 1000 degrees, the 
volume must be doubled to lour cubic feet of space. 
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'Four cubic feet" is tlu' correct answt'r. 



The Second Rule states tliat at any fixed volume, the 
absolute pressure of a gas rises or falls in t'xact 
proportion to its absolute temperature. 
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For example, in the problem wo just worked. su[)po.sc 
the gas had a pressure of 10 psi- At 500 degi ct‘s, tlie 
gas occupied two cubic feet of space and l!u’ pia’ssuia* 
exerted on the container was 10 [)si. At 1000 dc’gia’cs 
the gas occupied four cubic feet of space* l)ut tht' 
pressure was still 10 psi- 
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No, vour answer is iiuorrect. Thi* st*coiKl rule states 
that il the volume is to he held eonstant and du‘ tempera- 
ture IS inereased. tlu* pressure must uu ri'ase m exaet 
prot>ortu)n to tlie temperature. 

At nOO dei^rees. tlu* ^as oc eiipied a spare ol tw'u eubie 
leei and exerted a prt'ssurt* ol 10 psi. Now tlu* 
temperature was doubled to 1000 degrees, but the gas 
w.is not permitted to expand Because it could not 
expand, its i)ressurt‘ was doubled, to 20 psi. 

PifSS A ^ / 
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”20 psi”,is the Correct answer. , , 

The third rule abtjut gas states that if the absolute 
temperature of a gas is to remain the same, the volume 
ul a gas IS in an (opposite or inve rse pr upor titjn to its 
pressure. 
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? Let's take our same problem again. The absolute 

[ tt iniierature of the gas is 500 degrees. The gas 

I occupies two cubic feet of space and has a pressure 

[ of 10 psi. Now suppose this gas is forced in^o one 

I cubic foot of space. If the temperature is to remain 

i at 500 degrees, the pressure will be . 

[ A. 5 psi 

I B. 10 psi 

I C. 20 psi 
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No, your answer is incorrect. Remember, the third 
rule states that if the absolute temperature of a gas is 
lO remain the same, its volume will be in opposite 
proportion to its pressure. This means if you increase 
the volume, you decrease the pressure. Or, if^c ‘ ' 
volume decreases, the pressure increases. 

y pioblem the absolute temperature of the gas was 

P 500 degrees and was to remain the same. The ‘-^as 

i occupied two cubic feet of spac^ and has a pressure 

of 10 psi. Now we decreased the volume of the gas 
I to one cubic foot of space~oFBy one-half. In doing 

’ we_i nt:reased the pressure of the gas to 20 psi. 

Press A ^ 







’*20 psi** is the correct answer. 

Let’s take a look at how these gas ru!es apply to a 
diesel. When the blower forces air into the air box 
it is 



No. your answer is incorrect. When the blower forces 
air into the air box, it is forcing the outside air into a 
confined area, Therefore it is decreasing the volume 
of this outside air and increasin g its pressure, 



A. 


decreasing the air volume and increasing 
the air pressure. 
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B. 


increasing the air volume and decreasing 
the air pressure. 


- ir 


C. 


increasing both the air volume and the 
pressure. 
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’’When the blower forces outside air into the air box 
it is decreasing the air volume and increasing the 
pressure,*' In other words, because the amount of 
space or volume outside the engine is much greater 
than the amount of .space or volume of the air box, 
air is being forced into a smaller space (decreasing 
its volume) and increasing its pressure. 

At the same time the temperature of the air is 



A. 


staying the same. 


77 


B. 


decreasing. ^ 


77 


C. 


increasing. 
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No, your answer is incorrect. The air box is a 
confinf" ^ area and, therefore, its volume is constant. 
According to the rules that govern gas. If the volume 
is constant and the pressure is increased the 
temperature will increase in direct proportion to the 
pressure. 
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"Whi’n Uu‘ .ur pri’rtsiiri’ in Uu’ l)ox increases, the air 
(emperatuiH* is uici easing” is the corret‘t answer. 



In (he cvlinaer, on the c'ompn ssion stroke oi’ (he piston, 
tlu'ii‘ IS in) constant la(*tt)r but tiie elTeet of tiie rules 
still applies. 



As (he pistcm comes up on the compression stroke, it 
(le(‘reases the volume, or space occupied by the air. 

TT we refer to our rules about ^as, we know' that if W'e 
decrease the volume of a t;as, we increase the pressure. 
When WH‘ increase pressure and do~not increase volume, 
we also cause the temperature of the gas to increase. 
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No, your answer is incorrect. Think a moment about 
tlie operation of the piston. At the time the fuel is 
injected into the cylinder, the piston is near the top 
of Its stroke and there is no space for expansion of 
the gas. Therefore, the rise in temperature causes 
the pressure of the gas to increase. 
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No, your answer is incorrect. The gas rules state 
that if the volunr increases, the pressure decreases. 
In this application, we do not have a constant 
temperature factor. Therefore as the pressure de- 
creases. so will the temperature decrease. 
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No, your answer is incorrect. Let’s look at the gas 
rules again. 



When the volume of a gas increases, the pressure 
decreases. Now, if the temperature is not held 
constant, it will also decrease because the pressure 
decreases. 
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Fm-1 IS then injccU-d into a small volume of air that 
IS at a very hUih iircssure and a very hifrh temiierature. 
When the luel ignites it raises the i;as temperature even 
hif^her and also 



A. 

B. 

C. 



increases the volume (jf the gas. 
increases the pressure of the gas. 
doereases the volume of the «as. 









"When the fuel ignites it raises the gas temperature and 
also increases the pressure of the gas" is the correct 
answer. 



Now, the pressure of the gas increases until it reaches 
a point where it can force the piston dowm. When the 
piston goes down the exhaust valves open, and the volume 
of the gas can increase. 



When the gas volume increases, w'hat happens to the gas 
temperature and gas pressure? 



A. 



Both the gas temperature and gas pressure ^ - 
w'ill tend to decrease. <3 v 



B. 



C. 



The gas temperature will stay the same i)ut 
the pressure will decrease. ^ ^ 

Both the gas temperature and gas pressure 
will tend to increase. " ^ 






"Both the gas temperature and gas pressure will 
decrease" is the correct answer. 



These gases, however, are still at a temperature nmeh 
higher than the outside temperature, and at a pressure 
much greater than the atmospheric pressure. This 
pressure forces them through the exhaust system to (he 
outside air. In the process of blending into the 
atmosphere, the gas volume increases until it would be 
impossible to measure it. When its volume increases 
in this manner its temperature and pressure 



A. 

B. 



stay the same. 






decrease until they reach those of the^ ^ 

J 



C. 



atmosphere. 

will exceed that of the atmosphere. ' 

- 
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"The volume of gas coming from the e.xhaust system in- 
creases and its temperature and pressure decrease until 
these factors reach those of the atmosphere" is the 
correct answer. 



Congratulations! You have answered all the questions 
correctly and should now have a good knowledge of air 
pressure and how it affects the operation of the dio.^el 
engine. 



Press Rewind or if you would like* to rmiew tlu’ la.st 
portion of the tape, press A. ^ ^ ^ 
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mSTRUCTOR’S GUIDE 



MAINTAINING THE AIR SYSTEM - 9/27/65 

DETRIOT DIESEL ENGINES CODE: PTAM 1-2 



FIRST --Be sure all questions on the past Didactor unit have been answered. 
This step is most important, as the past week has been you students first 
experience with the machine. 



OBJECTIVES: By the end of class each student should be familiar with: 

The need for proper maintenance. 

The operation of the air system. 

Knowledge of the cylinder liner ports. 

Functions of the air filter. 

Specifics of the oil bath and two stage. 

Knowledge of the air shut down housing. 

Knowledge of the exhaust system. 

Knowledge of the exnaust manifold. 

Some trouble-shooting tips -- how to interpret them. 

Knowlectj^e of the blower. 

Knowledge of the turbocharger. 

Trouble-shooting the turbocharger. 

General trouble-shooting tips -- how to interpret them. 

Proper use of manometer. 



TRAINING AIDS: 

Wall charts from Detroit Diesel - TA 301, TA 302 (Show only air system). 
Any visual aids ycu have available - such as different types of air cleaners 
(how they differ), a blower (preferably cutaway), a turbocharger, a 
manometer (how and where to use it) etc. More visual aids mean less 
misunderstanding. 

The following vu-graphs: 

D130-3 (Air intake and exhaust system - 1-71) 

D130-5 (Blower Spec. ) 

D130-6 (Blower Spec. ) 

D130-8 (Blower cutaway) 

D130-11 (Blower Functions) 

D130-12 (Blower Cutaway) 

D130-4 (Air Cleaner - Oil bath) 

D130-15 (Air cleaner - dry) 

D130-16 (Air filter - dry) 

D620-8 (Dual Blowers - V 71) 

D630-1 (Air system flow - V 71) 

D630-6 (Blower - construction) 

ConsuH operators and maintenance manuals. 
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QUESTIONS: 

1. Trace the flow of air through the air system and its components. 

2. What are the functions of the cylinder liner ports? How are they 
constructed? How are they maintained? 

3. How can the air box covers be inspected? 

4. What are the different types of air cleaners? 

How are they maintained? 

How do tney differ? 

5. What does the air shut down housing do ? 

How is it maintained? 

6. Why is scavenging important? 

7. What does the exhaust manifold do? 

What is back pressure? 

How is the exhaust system maintained? 

8. What is indicated by: 

Black or grey smoke ? 

Blue smoke? 

White smoke? 

What are the remedies? 

9. How is the blower constructed? 

How does it operate? 

How is it maintained? 

10. What is the turbocharger ? 

How is it constructed? 

How is it maintained? (Cover disassembly, cleaning, assembly, 
lube). 

What do you look for when trouble-shooting? 

11. What trouble-shooting tips do you know on: 

Crankcase pressure ? 

Exhaust back pressure ? 

Air box pressure ? 

Air intake pressure? 

12. How do you use a manometer? 

13. When do you use a manometer? 

14. What about the conversion chart? 




